Total hip arthroplasty (THA) is the preferred treatment for end-stage osteoarthritis of the hip. The posterior, posterolateral, direct lateral, anterolateral, or the anterior approaches are the currently established surgical approaches for THA. Over the last decade, the anterior approach has gained increasing popularity. Its muscle-sparing nature and fluoroscopy-guided component positioning are the most important benefits. It has been suggested that postoperative recovery is facilitated by an anterior approach. Patients do not need to follow hip precautions, and can return to driving after 1 week. The anterior approach uses a muscle interval between the tensor fasciae latae and the rectus femoris to open the capsule without detachment of muscles. Especially, the external rotators and posterior capsule remain intact and reduce the risk of posterior dislocation. Accuracy of acetabular component positioning has an impact on postoperative dislocation rates, polyethylene wear, and impingement. When the operation is done in a supine position, fluoroscopy is available to check the acetabular component inclination and anteversion during THA as well as leg length and offset. The current chapter reports on the surgical approach, surgical technique, and results of anterior THA.
Introduction
THA is used to treat a variety of primary and secondary end-stage osteoarthritis, and has the primary goal to decrease pain, restore function, and increase joint mobility [1] . Depending on the specific patient there are various surgical techniques described to perform a THA. The general goal is to have an accurate and reproducible procedure and to avoid complications. Younger and more active patients have increased functional demands during early recovery. Utilizing an intramuscular approach allows for a faster return to activities of daily living, reduced pain, shortened recovery, and reduced costs [1] .
The various available approaches are characterized by their own distinct advantages and risks. Extensions to these approaches have been described and allow for more extensive exposure and revision procedures.
In the USA, the most frequently used approach is the posterior approach. It provides easy access to the hip joint and minimizes the trauma to the hip abductor muscles. However, detachment of external rotator muscles and a complete capsulectomy results in an increased dislocation rate [2, 3] . Therefore, the repair of the external rotators and the capsule is of great importance in posterior THA [4] . In addition, the posterior approach is associated with an increased variance of acetabular component positioning [5] [6] [7] . Poor component positioning increases the risk of dislocation, facilitates increased polyethylene wear, and impingement [5, 8, 9] . Variations in the lateral patient position and the lack of intraoperative fluoroscopy might explain the less predictable cup positioning [10] .
The lateral approach (anterolateral) with the patient lying in a supine position is a popular approach in Europe. The posterior part of the gluteus medius insertion can be preserved. However, injury or release of its anterior portion can result in limping [11] . Fractures of the greater trochanter are more likely using the lateral approach compared to the posterior approach [12, 13] . Postoperative patient-reported limping occurs twice as often using the lateral approach compared to the anterior approach [14] . Limping may be caused by trochanteric pain, leg length discrepancy, lack of offset restoration, nerve injury, or insufficiency of the gluteal muscles [15] .
The anterior THA is unique because of its intramuscular and internervous exposure of the hip joint. A release of major muscular stabilizers is not necessary for most patients. First described by Smith-Peterson in 1949, the anterior approach became more popular in the USA over the last decade [16] . Rapid recovery, decreased dislocation rate, fluoroscopy controlled restoration of leg length, and offset as well as component position are its main benefits.
History
In 1881, Carl Hueter was the first surgeon to describe the anterior approach for resection of the femoral head. Smith-Peterson further developed the approach and described the extended exposure of the pelvis to perform a hip replacement. In 1978, Wagner preferred the approach for hip resurfacing procedures due to its preservation of the femoral blood supply and intermuscular dissection [17] . In 1947, the Judet table was developed and predominantly used in France. Ten years later, a special table was developed to optimize and ease the positioning of the operated leg in order to decrease injury to muscles and bone.
In the US, the anterior approach was originally combined with a lateral incision to facilitate the insertion of the femoral component and was marketed by Zimmer Biomet (Warsaw, IN, USA) in conjunction with Richard Berger as a "two incision" THA [1, 18] . Because of the higher complication rate, especially on the femoral side (fracture), the approach fell out of favor in the beginning of the twenty-first century [19] . At the same time, Joel Matta promoted an anterior approach without a second incision [20] . Matta soon realized that a special table similar to the Judet table was needed to improve exposure of the femur and provide elevation of the femur. Since the Judet table was not available in the USA, he pursued the development of the Hana® table (Mizuho OSI, Union City, CA, USA).
In 2004, large studies [20, 21] showed encouraging outcomes with low dislocation rate (<1%) and improved component positioning, but above all faster recovery pushed the interest in the anterior approach.
Anatomy and approach
The anterior approach classically described as Smith-Peterson approach uses an incision proximal and distal to the anterior superior iliac spine (ASIS) along the tensor fasciae latae [16] . While the proximal portion of the Smith-Peterson approach facilitates exposure of the pelvis, the distal portion is used during a direct anterior THA to expose the hip joint. The groin area usually has less subcutaneous fat than the lateral thigh, and therefore an anterior approach often has a more direct access to the fascial layer. The ASIS and greater trochanter are used as bony landmarks to guide placement of the incision. The incision usually starts two fingerbreadths lateral and distal of the ASIS and extends distally and posteriorly in line with the tensor fasciae latae muscle [20] . A slightly more lateral position can help to avoid the lateral femoral cutaneous nerve (LFCN) that enters the thigh medially to the ASIS (Figure 1) .
The approach uses an intermuscular plane and does not require muscle releases. Medially, the interval borders to the Sartorius muscle (innervated by the femoral nerve) and laterally to the tensor fasciae latae muscle (innervated by the superior gluteal nerve) [22] . While the original Smith-Petersen approach entered between the sartorius muscle and the tensor fasciae latae, the modern anterior approach usually stays inside the fascia of the tensor fasciae latae to minimize the risk to injure the LFCN (Figure 2 ) [22] . Care should be taken not to confuse the medial located sartorius muscle and the more lateral tensor fasciae latae. Both can usually, easily be separated by the direction of the fibers. The tensor fasciae latae muscle fibers ran toward the lateral thigh in contrast to the sartorius muscle fibers, which run medially. After skin incision, the fascia of the tensor is split followed by deep finger dissection to separate the overlying fascia and the muscle belly of the tensor fasciae latae and progress toward its medial borders.
The deep intermuscular fat tissue between tensor and rectus femoris muscle contains the ascending branch of the lateral circumflex artery just proximal to the vastus lateralis muscle.
At the level of the capsule, the interval is bordered by the gluteus medius (superior gluteal nerve) and medially by the rectus femoris muscle (femoral nerve). Ligations of the branches of the circumflex vessels are necessary to prevent perioperative bleeding and postoperative hematoma formation (Figure 3) .
A Hohmann retractor is used to expose the anterior hip capsule. It is placed underneath the rectus muscle. A second blunt retractor is placed around the lateral femoral neck. The reflected head of the rectus femoris muscle is elevated and released to expose the capsule entirely. The released tendon can be marked to facilitate its identification and repair at the end of the procedure. 
Surgical technique
The procedure is performed under general or regional anesthesia. It can be performed with a standard operating table with an Omni-Tract® femur elevating system (Integra, Plainsboro, NJ, USA) or a specialized orthopedic table (Hana®, Mizuho OSI, Union City, CA, USA). The latter helps to control hip rotation, abduction, flexion, and traction of the affected extremity and facilitates exposure of the proximal femur for femoral component insertion. However, the costs, fracture risk, and limited ability to intraoperatively test the range of motion (ROM) are its main disadvantages. A number of alternative tables are currently available by other manufactures.
The authors recommend careful templating and implant selection. The primary goal of the templating is to guide acetabular reaming toward the most appropriate reamer size. On the femoral side, depending on the type of femur, shorter implants with less sizable distal dimensions might be preferred in a Dorr Type A Femur, while compression broaching for a longer implant with a collar might be preferred for a Dorr Type C femur [23] . In addition, careful planning of the femoral neck resection can help intraoperatively to restore the leg length.
The patient is lying supine on the table with a perineal post and both legs secured with the feet in boots. The pelvis and the nonsurgical hip are placed in a neutral position. After the standard anterior approach, as described above, a T-shaped capsulotomy is performed with medial and lateral extension at the level of the intertrochanteric ridge (Figure 4) . The capsule can be tagged and preserved for later repair. Two Hohmann retractors are now placed within the capsule around the lateral and medial femoral neck. A napkin ring double osteotomy of the femoral neck is performed to ease removal of the head (Figure 5) . The femoral head is removed with a corkscrew extractor. Additional traction and external rotation on the operated Anterior Primary Total Hip Arthroplasty http://dx.doi.org/10.5772/intechopen.76070 leg supports removal of the napkin ring and exposure of the acetabulum. Alternatively, to the in situ neck osteotomy, the hip can be dislocated using a corkscrew. The capsular releases are completed with the hip dislocated before the hip is reduced, the neck is cut, and the head removed (technique according to Matta et al. [20] ).
Multiple retractors are used to facilitate acetabular exposure. First, an acetabular retractor is placed inferiorly to the fovea against the transverse acetabular ligament. This usually requires Total Hip Replacement -An Overview a short incision of the medial capsule. This is, followed by an anterior retractor, placed between the anterior labrum and capsule. A posterior retractor can be placed between the posterior labrum and capsule. The foveal tissue and labrum are removed. The acetabulum is either reamed under direct visualization or under fluoroscopy guidance. A press fit cup is placed and impacted (Figure 6) . To facilitate cup alignment under the anterior acetabular bone, an implant less hemispherical then 180° is preferred. It also helps to medialize the center of rotation in comparison to a hemispherical cup.
The C-arm is used to guide intraoperative component positioning. An alternative to this technique is the use of intraoperative navigation. Because of the supine position and easy access to the iliac crest intraoperative navigation is usually fairly straightforward in anterior THA. Other techniques available for optimized cup position are based on C-arm images and include software programs like Radlink® (Radlink, El Segundo, CA, USA) and Jointpoint® (Jointpoint Inc., Belleair Bluffs, FL, USA).
The C-arm is positioned in 90° to the supine patient and centered over the pelvis to make sure the pelvis is in a neutral position (Figure 7) . A neutral pelvis position is the requirement for any of the described C-arm based algorithms. If no software is available, the cup inclination can be checked with the C-arm centered in the middle of the pelvis. After reaching the target inclination of the acetabular component, the C-arm is moved over the operated hip. After estimating the cup anteversion based on the opening ellipse, the cup anteversion can be determined based on the C-arm tilt angle described by Boettner et al. and Zingg et al. [6, 24] (Figure 8) . When aligned perfectly the elliptical shape of the cup presents as a line. The tilt angle can be measured on the C-arm and used to calculate the acetabular anteversion. Following correct acetabular implant positioning, the final liner is inserted and osteophytes are removed.
Exposure of the proximal femur can be facilitated by a standard release to minimize traction forces on the greater trochanter. This prevents intraoperative complications like fractures Figure 6 . A press fit cup is placed and impacted into the reamed acetabulum. Total Hip Replacement -An Overview however, the senior author favors the release of the conjoined tendon. The piriformis muscle insertion is preserved together with the posterior capsule, obturator externus muscle, and quadratus femoris muscle.
The Hana table® or Omni-tract® retractor provides a hook attached to a connector arm of the table. In combination with maximum extension of the leg, the hook elevates the femur anteriorly and provides better exposure for the preparation of the femoral component (Figure 9) . Offset handles facilitate the broaching of the femur. Femoral preparation and broaching the femoral canal is done in a standardized fashion (Figure 10) . The final trial stem is impacted into the femur with a trial head and neck.
Care should be taken not to injure the tensor fasciae latae. Good exposure to the femoral canal eases preparation and broaching. After adding the trial neck and head, the surgeon can reduce the dislocate hip with gentle traction and internal rotation. The surgeon guides the femoral head into the socket. Fluoroscopy can be used to assess leg length discrepancy, offset, and implant alignment.
For measurements of the leg length discrepancy, the inter-teardrop line is used as horizontal reference of the fluoroscopy image. The difference between the vertical distances from the reference line to the most prominent point on each lesser trochanter defines the leg length discrepancy with reference to the contralateral hip. Neutral pelvis position and equal leg abduction and rotation are required for accurate measurements. Alternatively, leg length and offset can be determined by overlaying two print-out images and comparing the contour of the operated hip to either the opposite normal or the preoperative image. Finally, the definite femoral component is implanted. The wound is irrigated and the anterior capsule closed using Vicryl #0 suture (Figure 11) . The reflected head of the rectus can be repaired. Finally, the fascia of the tensor fasciae latae muscle is closed with #0 Vicryl sutures (Figure 12) . Many surgeons prefer a curved "Banana Type" stem for the anterior approach. Straight stem designs with a lateral shoulder require more aggressive releases including the piriformis tendon. There have been some concerns about increased femoral loosening rates and continued efforts are made to improve and develop femoral implant design. Due to the missing lateral shoulder, the curved stem provides no lateral support. As a result, lateralization and subsidence Total Hip Replacement -An Overview with weight bearing can occur. The new stem designs often add a medial collar to augment primary stability for immediate weight bearing and reduced risk of subsidence (Figure 13) .
To increase short and long-term stability, fully coated stems are preferred to achieve more reliable fixation. In addition, an overall more canal filling proximal stem design provides more proximal bone fixation compared to blade shaped medial-lateral implant fixation. Anterior Primary Total Hip Arthroplasty http://dx.doi.org/10.5772/intechopen.76070 111 Several advantages exist for the standard table in comparison to the Hana table. The ability to maneuver the legs allow for intraoperative assessment of leg length. The surgeon can directly manage the leg and no additional assistance is required to manage the table. In general, any operative table can be used that is radiolucent and allows for extension of the legs at the level of the hip joint. Regarding the surgical technique, there is no difference in the type of soft tissue releases between a standard or specialized table. The patient is positioned in a supine position with the hip joint at the level of the table break. It is necessary to hyperextend the operated hip during femoral preparation. Draping both lower extremities in a sterile fashion allows an intraoperative crossover of the operated leg for femoral exposure. The leg length discrepancy can be measured manually.
Standard table
If an anterior retractor is used, the bone hook is inserted with the femur in neutral rotation. Afterward the leg is placed in a figure 4 position (external rotation) to release the medial capsule down to the lesser trochanter. There is no difference in the soft tissue release technique; however, the piriformis usually has to be released in heavy male patients. The distal part of the standard table is extended to 40° allowing hyperextension of the operated hip as well as adduction and external rotation while positioning the limb crossing under the contralateral side.
Outcome
Over the last couple of years, the anterior approach has become increasingly popular. Many advantages are described in comparison to the other approaches mentioned at the beginning of this chapter. Patients treated with the minimal invasive approach suffer less pain and consume fewer narcotics [25, 26] . This is usually explained by less soft-tissue damage while avoiding muscle splitting and detachment in comparison to the posterior or anterolateral approach.
An improved hip function and earlier return to normal gait are attributed to using an intermuscular and internervous interval [27, 28] . Rodriguez et al. have shown that patients reach certain milestones after an anterior THA earlier compared to a posterior THA. However, patients with a posterior approach had a similar result after 12 weeks [29] .
The possibility of using intraoperative fluoroscopy when performing an anterior THA offers advantages over a posterior THA. The percentage of cup placed in the safe zone increases when using fluoroscopy routinely [6] . A higher precision and increased accuracy when implanting cup components can lead to a decreased dislocation rate [6, 21] . The anterior approach also improves relation of leg length and offset [7] .
The majority of hip dislocations occur during the first 3 months after surgery. The healing of the posterior capsule and external rotator muscles release during a conventional posterior approach is considered the reason for early dislocation [30] . Hip precautions are recommended for 4-12 weeks to prevent any flexion and internal rotation after posterior THA [31] .
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The muscle sparing anterior approach avoids release of the piriformis and obturator externus tendon. No specific hip precautions are needed and the patient is able to return to his or her normal activities after surgery without limitations [32] . The dislocation rate for the anterior THA is described in literature ranges between 0.6 and 0.9% [20, 21] . It is lower in comparison to those reported for other approaches; however, comparative studies have failed to show a consistent benefit [33, 34] . The senior author has no reported dislocations at all after performing more than 500 THAs using an anterior approach.
Challenges with the anterior approach
Switching the surgical approach to an anterior THA is associated with a learning curve within the first 40-100 cases [35, 36] . Improvements in surgical and fluoroscopy times as well as differences in leg length have been reported during the learning curve [37, 38] . During the learning curve, it is recommended to carefully select patients. In general, preferred patients are thin and younger females with elongated femoral necks and a type B Dorr Femur.
The anterior approach has some specific complications. These include LFCN injury and greater trochanteric fracture. Injury of LFCN is most commonly encountered during exposure and retraction. The nerve is located in the intermuscular-internervous interval between the sartorius and tensor fasciae latae muscle and is at risk if the incision is extended distally. Its course varies in different branching patterns and is at risk in approximately one-third of the patients during an anterior approach [39] . The risk of an injury can be minimized when staying inside the tensor fascia rather than the interval between the tensor and sartorius muscle [40] . LCFN neurapraxia occurs in approximately 0-5% of patients [41, 42] . None of the patients experienced any hip-related functional limitations, while most symptoms resolving after 6-24 months [37, 43, 44] .
Muscle damage has not been considered a major problem due to the intermuscular nature of the approach [45] . Nevertheless, incorrect placement or retraction may cause damage. During capsular exposure the rectus femoris muscle is elevated and at risk. Attention while placing the retractors or using specialized retractors developed for the anterior THA can reduce the risk of soft-tissue damage. During femoral exposure the tensor is at risk for injury as well.
Cup alignment is challenging when performing an anterior THA due to limited view of the anterior acetabular wall. When inserting the reamer into the acetabulum, the anterior aspect of the femur might block its entrance. This may lead to an anterior shift of the reamer and can violate the anterior wall. Careful retractor placement and use of intraoperative fluoroscopy can minimize the risk associated with reaming.
Fractures might occur during femoral preparation, while manipulating on a specialized table [20] . Aggressive extension and external rotation of the femur using the table can result in a fracture of the tip of the greater trochanter secondary to tension of the conjoined tendon. Calcar fractures are the results of medial force on the calcar during broaching and can be fixed with cerclages (Figure 14) . A rare complication, which might only occur when using a specialized table, is a fracture of the ankle while performing external rotation in order to dislocate the operated hip. This is why close monitoring of the torque applied to the fixed leg is necessary.
In general, straight access to the femoral canal is limited in an anterior approach. The correct implant design and broaching instruments are essential and avoid malpositioning or fractures [46] . Perforation of the femur can occur when the direction of the femoral canal is not respected. The risk of postoperative complications in the hand of an experienced surgeon performing an anterior approach is comparable to other approaches.
The dislocation rate for the anterior THA is lower compared to the anterolateral and posterior approach [47] . Preserving the piriformis tendon, obturator externus tendon, and posterior capsule increases the stability when using the anterior approach. Therefore, the routine use of hip precautions for the anterior approach is not recommended [32] . Total Hip Replacement -An Overview and increase postoperative Hb-levels [48] . For all patients undergoing anterior THA, intravenous TXA should be used as part of blood management. The location of the wound in the groin close to a natural skin fold can result in wound dehiscence and infections in patients with a larger soft tissue pannus overlaying the incision.
Conclusion
The popularity of the anterior approach has increased in the last decade. Its soft tissue sparing nature results in a faster recovery and a more stable hip joint. Postoperative precautions are not routinely applied. The use of intraoperative fluoroscopy has improved cup positioning and restoration of the leg length and offset.
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